It is generally accepted that the human pituitary chromophobe adenoma has no secretory function because of its exhibiting no distinctly stained granules in the light microscopy.
On the other hand, the recent electron microscopic studies have proved the presence of the secretory granules in this tumor (CARDELL and KNIGHTON, 1966; FUKUMITSU, 1964; LUSE, 1962; GUSEK, 1962; SCHELIN, 1962; WECHSLER and Hoss-MANN, 1965) . These findings suggest that the chromophobe adenoma may carry on a secretory production in some way, and that this tumor may be divided into some subtypes according to the morphology of the secretory granules contained.
The purpose of the present study is to verify the secretory activity in this tumor by examining its fine structure with an electron microscope. Furthermore, in this paper, a new type of the tumor will be described and the property of the secretory granules contained will be also discussed.
Materials and Methods
The specimens of the tumors were obtained surgically from 19 patients. They were placed immediately in the fixative and cut into small pieces. One half of the buffer. After dehydration in a graded series of acetone, the specimens were embedded in Epon 812 (LUFT, 1961) . Thin sections were cut on a Porter-Blum ultramicrotome with glass knives and mounted on uncoated grids. The sections were stained with lead hydroxide, or doubly stained with uranyl acetate and lead hydroxide. Electron micrographs were taken with a Hitachi HS-6 type or a Hitachi HU-11A type electron microscope.
All materials
were identified by light microscopic studies as "chromophobe adenoma."
Observations
The conspicuous characteristics of the chromophobe adenoma under the electron microscope are that these tumor cells do contain the secretory granules, which 41 are usually not detected by the light microscopic observations. The secretory granules are found in almost all tumor cells, although they are not so many (Fig. 1 ). According to the size and appearance of the secretory granules, these tumors can be classified into two types; the one (type 1 tumor) consists of cells having dense and (Fig. 3, 11 ). The secretory granules of the type 1 tumor are uniform in density and have a limiting membrane closely applied to the content (Fig. 2, 12A ). On the contrary, the type 2 tumor is characterized by the peculiar morphology of its secretory granules, which assume varied forms, such as solid granules of various degrees of density, haloed granules containing a dark core and empty vesicles (Fig. 3, 4 , 11). The granular endoplasmic reticulum (gER) of the former are in the form of vesicles or dilated vacuoles, and the ones of the latter are in the form of parallel cisternae.
The gER used in the following explanations for micrographs indicates the granular endoplasmic reticulum.
Fig. 1. Low power electron micrograph
showing an outline of the chromophobe adenoma. Tumor cells are considerably irregular in shape. The large nucleus (N) is also generally irregular in shape, having a nucleolus (Nl) which is prominent in size and density. The secretory granules (arrows) are found in almost all tumor cells, although they are not so many. The clear (cT) and dark cells (dT) can be seen in tumor cells. The capillary (Cp) at the left of this figure shows a typical appearance in construction.
In the pericapillary space two macrophages (MPh) can be
The type 1 tumor has been previously described by a few workers (SCHELSN, 1962; FUKUMITSU, 1964) , but the type 2 tumor has not been reported so far. Besides the conspicuous disparity in the granule morphology, there appears to be a little difference in their fine structure between the two types of tumors. The tumor cells generally show irregular shapes, being polyhedral or oblong, and they often have some processes (Fig. 1) . In some cases, nearly columnar cells appear to be in circular arrangement resembling a large cyst or pseudogland (Fig.  5) . In others, long cytoplasmic processes extending from many cells appear to be interwoven with each other (Fig. 6) or to surround parts of the other cells (Fig. 7) . The tumor cells are bounded by a thin plasma membrane.
The plasma membranes of the adjoining cells are separated by a narrow intercellular space which is usually cells is often enlarged (Fig. 11) . Intercellular attachment devices such as desmosome in the normal pituitary are not observed, except when the cells show the abovementioned circular arrangement. In this particular case, at the cell boundaries near the free surface of the tumor cells thin folds extend slightly and contact with each other (Fig. 5 ). At this site the adjacent plasma membranes appear to be somewhat increased in density. Such a structure may be supposed to be a terminal bar. The large nucleus, generally irregular in shape, is bounded by a nuclear enve- It is noteworthy that small, agranular, bud-like processes are frequently found extending from the surface of the granular endoplasmic reticulum towards the Golgi complex ( Fig. 10 ). These small processes of the endoplasmic reticulum are quite similar, in size and density, to the Golgi vesicles. They seem to be important Most of the cells contain in the cytoplasm many free ribosomes singly or in clusters. The Golgi complex is encountered not only in the vicinity of the nucleus, but also in the other parts of the cytoplasm. The columnar cells forming a probable cyst exhibit a polarity in cellular composition; the nucleus is located in the center or near the basis and the Golgi complex near the apex (Fig. 5) . The Golgi complex is composed of the characteristic flattened sacs, vacuoles and small vesicles. In some cells, multilayered arrays of flattened sacs are disposed predominantly in such a way as to outline a bow-shaped or horseshoe-like Golgi zone with an accumulation of small vesicles and vacuoles around them (Fig. 10) . The accumulation of the Golgi vesicles is more prominent in the exterior of the circular Golgi sacs than in the interior.
Within such a Golgi zone, many secretory granules of various size presumably in their various stages of maturation can often be seen. Furthermore, the mature granules are found moving out of the Golgi zone.
The specific granules are dispersed at random in the cytoplasm (Fig. 11 ), but they often lie in the Golgi area as mentioned above, or in a row along the plasma membrane (Fig. 3, 6 ). At the cell periphery, some granules are in close proximity to the plasma membrane, and the limiting membranes of the granules appear to fuse with the plasma membrane. The granules are frequently found lying within inpocketings of the plasma membrane as shown in Figure 12A . Such granules have no membrane closely applied to the content.
These appearances suggesting the discharge of the granules are observed not merely in the intercellular spaces but also between the plasma membrane and the parenchymal basement membrane (Fig.  12B) . However, the discharged granules are not found in other places such as the perivascular spaces, the endothelial cytoplasm and the lumen of capillaries.
The profiles of the centriole showing a typical characteristic structure are usually seen in the juxtanuclear Golgi region. The multivesicular bodies are sometimes present in the cytoplasm.
Electron-dense lysosomes of various size are also often found. Most of them have a single limiting membrane and a homogeneous dense content (Fig. 8, 15 ).
In addition to these general cell organelles, several particular organelles, such as annulate lamellae, cilia, microtubules and membrane-particle arrays, are not infrequently found.
The annulate lamellae consist of narrow cisternae with round, pore-like discontinuities similar to the nuclear pore (Fig. 13) . They are usually located near the nucleus, in stacks of a few layers and parallel to the nuclear envelope. Although with those observed in the various endocrine cells, having no central pair of ciliary tubules ( Fig. 14) (BARNES, 1961; WHEATLEY, 1967) . In some cells, the cytoplasm is very rich in microtubules (Fig. 6, 14, 15 ). These diameter. Their length is indeterminate. The microtubules are as a rule straight and are at random in orientation, but seem to be able to bend slightly so as to conform to the curves of the cell processes.
In several tumor cells are found unusual arrays of agranular endoplasmic reticulum associated with electron-dense particles (Fig. 15) . The arrays appear in two forms, concentrically or like a horseshoe. The dense granules in the cytoplasmic matrix between these cisternae of the agranular reticulum are numerous and appear their high electron density, the granules are supposed to be glycogen.
As above mentioned, the tumor cells are classified into two types according to the size and appearance of the secretory granules contained. However, according to the difference of density of the cytoplasm, the tumor cells of each type may be divided into two groups, namely the clear and the dark cells (Fig. 2, 3, 7) . In the clear cell, the granular endoplasmic reticulum mostly occur dispersedly in the form of vesicles or dilated vacuoles. Most of the free ribosomes are found in groups of several particles.
On the other hand, the dark cell is rich in loosely or closely aggregated cisternae of the endoplasmic reticulum with abundant ribosomes on the membrane. Generally the free ribosomes are in single form throughout the cytoplasm. The cytoplasm of the dark cell thus appears more compact than that of the clear cell. In addition, the dark cell seems to have a more electron-dense matrix than the clear cell. Since these two groups of the cells in one type of tumor have the granules of the same appearance, it may be presumed that the difference between the clear and the dark cells is due to the phase of cellular activity rather than to the function itself.
The capillaries encountered in the present study are substantially similar, in fine structure, to those described in the rat pituitary (FARQUHAR, 1961b) . The endothelium consists of a single layer of relatively flat endothelial cells with a moderate amount of cytoplasm around the nucleus and with a thin cytoplasmic layer extending away from the nucleus (Fig. 1) . Its nucleus is generally elongated and often shows many infoldings.
There are a small number of usual cytoplasmic components in the cytoplasm, especially around the nucleus. In the thinnest area far apart from the nuclear region are found some pores with diaphragm ( Fig. 16 ). Pinocytic vesicles are also found.
The endothelial basement membrane, as a rule, consists of one layer, but rarely a few additional layers are seen between the endothelial and pericytic or parenchymal basement membranes (Fig. 16) (CARDELL and KNIGHTON, 1966; FUKUMITSU, 1964; GUSEK, 1962; LUSE, 1962; SCHELIN, 1962; WECHSLER and HOSSMANN, 1965 RINEHART, 1954 a, b, 1955; HYMER, MCSHAN and CHRISTIANSEN, 1961; LUNDIN and SCHELIN, 1962; rat, BARNSE, 1962; SANG, 1962; UCHIDA, 1967; YAMADA and SANO, 1960; mouse, SALAZAR, 1963; YOUNG, FOSTER and CAMERON, 1965, 1966; rabbit, CARDELL, 1964 a, b; salamander, OZTAN, 1966; fish MCSHAN and RIS, 1960; HYMER and MCSHAN, 1963; MCSHAN, 1964; PERDUE and MCSHAN, 1962) .
The cell type concerning the production of ACTH has long been a matter of special controversy (FARQUHAR, 1957; FINERTY and BRISENO-CASTREJON, 1949; MARSHALL, 1951; LEZNOFF et al., 1962; RENNELS, 1964; SIPERSTEIN and ALISON, 1965; SMELSER, 1944 1) The longest dimension 2) The shortest dimension * Maximum diameter of the granules as determined from sectioned material ** Approximate diameter of the granules as conjectured from hormone assays ample, in the luteotroph. There may be a much more difference in the granule size between man and animal.
ENGSTROM, HAMBERGER and SCHELIN (1962) studied the human pituitary gland light and electron microscopically, and reported as follows.
Two types of granulated cells are found. The one contains secretory granules measphils and acidophils, respectively. The author also has studied the fine structure of the human fetal anterior pituitary (unpublished observation). The granulated cells of this material can be divided into main two groups. One group possesses the secthese two studies on the human anterior pituitary are substantially similar to those of studies on the animal pituitaries.
It is probable that the form of the secretory granules in the chromophobe adenoma may be the same as that of the granules peculiar to the original cell from which the tumor derives.
Therefore, it is supposed that the granules in the type 1 tumor reported here may be equivalent to the acidophil granules in the anterior pituitary lobe from various animals and man. This is favored by the electron microscopic findings that the light microscopically acidophil adenomas in man contain SCHELIN, 1962) . In the meanwhile, the size and appearance of the granules in the type 2 tumor cells are quite similar to those of the granules in the "corticotrophs" reported by KUROSUMI and KOBAYASHI (1966) In the present observations the secretory granules in one tumor are all of similar size and belong to either of the two types of magnitude with diameter averaging diameter. One of them (CARDELL and KNIGHTON, 1966) explained that the extreme variation in size of the granules most likely indicates the possibility of the presence of more than one basic cell type. On the basis of the electron microscopic observations on an autonomous stilbestrol-induced pituitary tumor in rats, which have adrenocorticotrophic as well as mammotrophic and somatotrophic activities, SCHELIN et al. (1964) discussed the possibility that the pituitary gland includes pluripotent cells whose secretion can be differentiated to satisfy functional demands. It is difficult to judge from the results of the present study whether the secretory granules in the chromophobe adenoma truely have a hormonal activity or not. For this purpose further studies are necessary, such as histochemical assay combined with differential centrifugation, or parallel electron microscopic and immunochemi-Cal studies. It is expected that these studies in the future will elucidate the origin of the chromophobe adenoma as well as the nature of the secretory granules in this tumor.
The general fine structure of the tumor cells is similar to that of the light microscopically chromophil cells in the normal anterior pituitary from various animals.
In the tumors, however, some degree of nuclear pleomorphism is observed and particular cell organelles are also occasionally found. It is generally accepted from the results of many electron microscopic studies (FARQUHAR and WELLINGS, 1957; FARQUHAR, 1961; ICHIKAWA, 1959; KUROSUMI, 1966; SANO, 1962) (Fig. 10 ).
These findings indicate that the chromophobe adenoma may also carry on an active secretory production in the same way as in the normal anterior pituitary.
Most of the secretory granules which have moved out of the Golgi zone are commonly concentrated immediately beneath the plasma membrane, and some of them show a continuity of their membrane with that of the cell (Fig. 3) . Furthermore, the granules are occasionally found lying within the inpocketings of the plasma membrane (Eig. 2, 12A). In some cases they appear less dense or fragmented. Such a series of appearances of the secretory granules may be assumed to show the way in which the granules are discharged from the cell and dissolved outside the cell to be transferred to the blood stream (FARQUHAR, 1961 a, b; ICHIKAWA, 1959; SANO, 1962) .
There have been no findings indicating the granule-discharge by microapocrine secretion and the transport of intact granules through the endothelial cytoplasm (SALAZAR and PETERSON, 1964) .
The cilia in the chromophobe adenoma have been reported only by WEGHSLER and HOSSMANN (1965) , whereas a few workers described them in the normal anterior pituitary (BARNES, 1961; SALAZAR and PETERSON, 1964) . They are quite similar, in the fine structure, to those described by BARNES, being basically of the 9+0 ciliary tubule arrangement in transverse section. It has been supposed that the cilia probably have a sensory function (BARNES, 1961) , or serve as a part of the motive force which transports the granules in their extracellular course (SALAZAR and PETERSON, 1964 (Fig. 15 ) has been described in various normal cells (EBE, 1967; YAMADA, 1960) and in pathologically altered cells such as liver cells of ethionineintoxicated rats (STEINER, MIYAI and PHILLIP, 1964) and irradiated axon (MASUROV-SKY et al., 1967) . The functional significance of this structure in the chromophobe adenoma is uncertain, but it is supposed that it may represent the unusual cell activity.
The annulate lamellae, which are presumed to be derived from the nuclear membrane because of their morphological similarity, have been found in various cells, particularly in the oocyte (KESSEL, 1964 (KESSEL, , 1966 and some tumor cells (WESSEL and BERNHARD, 1957 
